The objective of this study was to evaluate the effects of Solis Mos (Novus International Inc., St. Charles, MO) on milk aflatoxin M 1 (AFM1) content, lactation performance, plasma biochemical parameters, and ruminal fermentation in dairy cows exposed to long-term aflatoxin B 1 (AFB1) challenge. Forty dairy cows were grouped according to days in milk (33 ± 7 d; mean ± SD) and milk production (33.9 ± 3.1 kg) and randomly assigned to 1 of 4 treatments: control (no additive), 20 μg of AFB1/kg of diet dry matter (AF), addition of Solis Mos at 0.25% of diet dry matter (SM), and MIX (AF + SM). The experiment lasted 9 wk, including an adaptation period during the first week. Dry matter intake, milk yield, and milk composition were measured on d 6 and 7 of each week. Milk AFM1, plasma biochemical parameters, and ruminal fermentation variables were analyzed on the last days of wk 1 and 9. No differences were observed in dry matter intake, milk yield, percentages of milk protein, milk fat, and lactose, and somatic cell counts across the treatments. Addition of adsorbent in the AFB1-contaminated diet significantly reduced the milk AFM1 concentrations (0.19 vs. 0.13 μg/kg) and transfer rates (1.38 vs. 0.89%). Dairy cows fed an AFB1-contaminated diet had lower superoxide dismutase activity, total antioxidant capacity, glutathione peroxidase, and levels of IgG and IgA, and higher levels of malondialdehyde in the plasma. Inclusion of Solis Mos in the diet increased the plasma superoxide dismutase activity, total antioxidant capacity, and IgG levels, and decreased the malondialdehyde level. Neither AFB1 nor Solis Mos affected the plasma levels of glutamic oxaloacetic transaminase, glutamic pyruvic transaminase, alkaline phosphatase, or IgM. Long-term inclusion of adsorbent Solis Mos in the diet did not affect lactation performance or liver function, but it reduced milk AFM1 concentrations and oxidative stress and improved the immunological condition and ruminal fermentation in lactating dairy cows exposed to longterm AFB1 challenge.
INTRODUCTION
Aflatoxins are a group of polysubstituted bis-furanocoumarins produced mainly in members of Aspergillus flavus, Aspergillus parasiticus, and Aspergillus nomius via the polyketide pathway (Battacone et al., 2012) . Among approximately 18 identified aflatoxins (Bilandžić et al., 2014) , aflatoxin B 1 (AFB1), found naturally in feedstuff, is considered to be hepatocarcinogenic, mutagenic, teratogenic, and immunosuppressive (Groopman et al., 1996) ; therefore, it been classified as a class 1 human carcinogen by the International Agency for Research on Cancer (IARC, 2002) .
When lactating cows ingest an AFB1-contaminated diet, AFB1 is hydroxylated in the liver to form aflatoxin M 1 (AFM1). This metabolite is excreted into the milk and is consequently found in milk products used as human foodstuff, such as fresh cream, skim milk, powdered milk, yogurt, and baby formula (Battacone et al., 2005) . Owing to its biological toxicity similar to that of AFB1 (Fung and Clark, 2004) , AFM1 is classified as a class 1 human carcinogen by the IARC (2002) . Given the related public health concerns, the European Union has set a legal AFM1 limit in milk at 0.05 μg/kg (European Commission, 2010) , and the United States of America and China have set limits at 0.5 μg/kg (FDA, 2000; China Ministry of Health, 2011) . However, these legal regulations have not been effective in eradicating milk AFM1. Previous investigations have reported an AFM1 contamination rate of raw milk of 15.2 to 57.5% in many countries (Nuryono et al., 2009; Xiong et al., 2013; Bilandžić et al., 2014) . In November 2011, AFM1 concentrations in 2 UHT milk samples were detected to be above China's limit of 0.5 μg/kg, Effects of dietary adsorbent on milk aflatoxin M 1 content and the health of lactating dairy cows exposed to long-term aflatoxin B 1 challenge at 0.9 and 1.2 μg/kg (China General Administration of Quality Supervision, Inspection and Quarantine, 2011) . This finding was related to the prevalence of AFB1-contaminated dairy cow diets, thus raising concerns regarding AFB1 in dairy feed in China. Ingestion of AFB1-contaminated feed by lactating cows results in not only milk AFM1 contamination, but also harmful performance and health conditions in cows (Ogunade et al., 2016) . To protect animals from aflatoxin toxicity and to decrease transfer of AFM1 to milk, experimental measures have included biological methods (e.g., Stenotrophomonas maltophilia; Guan et al., 2008) , chemical treatments (e.g., ammonia; Scott, 1998) , and physical methods (e.g., extrusion; Saalia and Phillips, 2011) . Among the reported measures, addition of adsorbent to the diet may be a promising and practical means to prevent AFB1 toxicity in animals (Kutz et al., 2009 ). Our previous study has shown that 7 d of Solis Mos (Novus International Inc., St. Charles, MO) in an AFB1-contaminated diet decreased milk AFM1 levels, improved the antioxidative status, and altered rumen fermentation in dairy cows (Xiong et al., 2015) . However, few studies have determined the effects of dietary adsorbent on milk AFM1 concentration and the health of lactating dairy cows exposed to long-term AFB1 challenge, although an adsorbent has been widely used in diets of lactating dairy cows in China. The objectives of our study were to investigate the effects of adsorbent Solis Mos on milk AFM1, lactation performance, plasma biochemical parameters, and ruminal fermentation in early-to mid-lactation dairy cows exposed to a 56-d AFB1 challenge.
MATERIALS AND METHODS

Cows, Diets, and Experimental Procedures
Procedures on animals were performed in accordance with the guidelines for animal research of Zhejiang University. Forty early-to mid-lactation multiparous Holstein cows were grouped on the basis of DIM (33 ± 7 d) and milk production (33.9 ± 3.1 kg), and were randomly assigned to 1 of 4 treatments in a 2 × 2 factorial arrangement. Four dietary treatments included (1) a control diet without addition of AFB1 and Solis Mos (CON); (2) an AFB1-contaminated diet (AF) with addition of AFB1 at 20 μg/kg of DM; (3) a Solis Mos diet (SM) with addition of Solis Mos at 0.25% DM; and (4) a mixed diet (MIX) containing AF and SM. Cows were housed in a tiestall barn, given free access to feed and water, and were milked 3 times daily (at 0630, 1230, and 1830 h). Diets were formulated to meet the nutrient requirements for early-to mid-lactation The daily doses of AFB1 and Solis Mos per cow were divided into 3 aliquots, and each aliquot was mixed with 100 g of corn meal to facilitate consumption of AFB1 and Solis Mos. Each aliquot of mixture was first provided alone in an iron container before the rest of the TMR was provided at each feeding time (0700, 1300, and 1900 h). This feeding program ensured complete consumption of the AFB1 or adsorbent. Cows in the control group were fed 100 g of corn meal followed by the TMR at each feeding. The entire experiment included a pre-experimental period (wk 1), when all cows were fed the basal diet without addition of AFB1 and Solis Mos, and an experimental period (wk 2 to 9), when the cows were allocated into the 4 dietary treatment groups described above. The DMI, milk yield, and milk composition were measured on d 6 and 7 of each week. Samples of milk, blood, and rumen fluids were collected on the last day of wk 1 and 9 and used to analyze milk AFM1, plasma biochemical parameters, and ruminal fermentation variables. The health condition of cows was recorded daily during the entire experiment.
Sample Collection and Analytical Procedures
Before the experiment started, dietary aflatoxins and milk AFM1 were analyzed to determine the background concentrations. During the entire experimental period, all ingredients in the basal diet were obtained from the same batch. Aflatoxins were below the detection limit (0.3 μg/kg for aflatoxin B 1 and G 1 , and 0.2 μg/kg for aflatoxin B 2 and G 2 ) in any diets or milk samples collected in the consecutive 3 d before the feeding experiment.
The samples of TMR were collected on d 6 and 7 of each week. The fresh TMR samples were dried at 65°C for 48 h in a forced-air oven, then finely ground to pass through a 0.425-mm sieve, and stored at −20°C until analysis. The content of DM, CP, ADF, and crude ash in feed samples were determined using methods (No. 930.5, 984.13, 973.18, and 942 .05, respectively) described by AOAC International (2000), and NDF was analyzed using the methods of Van Soest et al. (1991) . All feed samples were analyzed for the content of aflatoxins B 1 , B 2 , G 1 , and G 2 with a Hewlett-Packard 1100 HPLC system (Hewlett-Packard, Palo Alto, CA) connected to a Zorbax SB reversed-phase C 18 column (5 μm particle size, 150 × 4.6 mm i.d., Agilent Technologies, Palo Alto, CA) according to the HPLC procedures described by Xiong et al. (2015) . The minimum level of detection was set at 0.3 μg/kg for aflatoxin B 1 and G 1 , and 0.2 μg/kg for aflatoxin B 2 and G 2 . All the aflatoxins were below the detection limit in all TMR samples collected during the experimental period.
Milk samples (approximately 300 mL/cow) collected from each of the 3 daily milkings were mixed completely at a 4:3:3 ratio (a ratio reflecting the milk yield of the 3 milkings), then divided into 3 equal aliquots (100 mL each). Two tablets of bronopol preservative (Broad Spectrum Microtabs II, D and F Control System Inc., Dublin, CA) were added to each milk sample before storage. A group of milk samples was immediately analyzed for milk fat, protein, lactose, MUN, and SCC with a Combi Foss FT+ instrument (Foss Electric, Hillerød, Denmark) at the Shanghai DHI testing center (Shanghai, China). Another group of milk samples was stored at −20°C for later analysis. Milk AFM1 was determined through the analytical procedures reported by Xiong et al. (2013) , by using an LC-MS/MS system consisting of an Agilent 1200 Series rapid resolution liquid chromatograph coupled to an Agilent 6410 triple quadrupole mass spectrometer with an electrospray ionization source. The minimum level of detection was set at 0.01 μg/L.
Blood samples (10 mL) were taken from the coccygeal vein into heparinized vacuum tubes before the morning feeding. Then, blood samples were centrifuged at 3,000 × g for 10 min at 4°C, and the separated plasma was frozen at −20°C for later analysis. Colorimetric commercial kits (DiaSys Diagnostics Systems GmbH, Holzheim, Germany) were used to determine the plasma content of glutamic pyruvic transaminase (GPT; catalog No. 14127070201), glutamic oxaloacetic transaminase (GOT; No. 14126070202), total bilirubin (No. 14108170201), and alkaline phosphatase (No. 14104170202) in an Auto-Analyzer 7020 (Hitachi HighTechnologies Corporation, Tokyo, Japan). One set of plasma samples was analyzed for the content of IgM (No. CK-E92029), IgG (No. CK-E92027), and IgA (No. CK-E92028) by using a multifunctional microplate reader (Spectra Max M5, Molecular Devices Co. Ltd., Sunnyvale, CA) with bovine IgM, IgG, and IgA commercial ELISA kits (Shanghai Yanhui BioTech Company, Shanghai, China). Another set of plasma samples was used to determine the total antioxidant capacity (TAOC; No. A015), and concentration of superoxide dismutase (SOD; No. A001-1), glutathione peroxidase (GSH-Px; No. A005) and malondialdehyde (MDA; No. A003-1) with a Spectra Max M5 microplate reader and commercial kits (Jiancheng Bioengineering Inc., Nanjing, Jiangsu, China).
Rumen fluid samples (approximately 100 mL) were collected from the oral cavity by using oral stomach tubes (Anscitech Co. Ltd., Wuhan, China) 2 h after the morning feeding (Shen et al., 2012) . Each oral stomach tube was cleaned using running water before sampling each cow, and the first 150 mL of rumen fluid were discharged into a collection box to avoid contamination by saliva. The pH value of the rumen fluid was immediately measured using a portable pH meter (Starter 300; Ohaus Corporation Co. Ltd., Shanghai, China). A total of 50 mL of rumen fluid from each cow was then placed into five 10-mL centrifuge tubes in equal volumes and stored at −72°C until analysis of VFA, ammonia nitrogen (NH 3 -N), and microbial protein (MCP). All rumen fluid samples were thawed at 15°C before analysis. To analyze VFA in the rumen fluid, each sample was 8947 acidified with 2.0 mL of 25% metaphosphoric acid, and then centrifuged at 20,000 × g for 10 min at 4°C. The supernatants (1 mL) were analyzed for VFA with a GC (GC-2010, Shimadzu Corp., Kyoto, Japan) equipped with a flame ionization detector and a capillary column (HP-Innowax 1909N-133, Agilent Technologies Inc.) according to the methods reported by Hu et al. (2005) . One set of rumen fluid was centrifuged (4,000 × g for 10 min at 4°C) to obtain the entire supernatant (2 mL) for analysis of NH 3 -N according to the methods reported by Hu et al. (2005) . Another set of rumen fluid was used to determine the MCP, as described by Zhu et al. (2013) .
Statistical Procedures
The MIXED procedure in SAS (version 9.2; SAS Institute Inc., Cary, NC) was used to analyze the data on DMI, milk yield, and milk composition, and the week of collection was a repeated measure. The linear mixed model included the fixed effects of treatments, the week, and their interactions. For the random effect, cows within treatments were subjected to tests for main effects and interactions by using the covariance type auto-regressive order 1 [AR (1)]. When the interaction terms of the model were significant (P < 0.05), mean comparisons across treatments were made using LSMEANS and PDIFF separation of all the treatments. Levene's test was used to assess data normality. The SCC values were divided by 1,000 and natural logarithm transformed before analysis. Given the nonparametric distribution of some data for milk AFM1 transfer parameters (concentration, excretion, and transfer rate), as well as plasma biochemical parameters and ruminal fermentation parameters, the data were log-transformed and analyzed with the GLIMMIX procedure without a repeated measure. All data obtained from the last day of the adaptation period (wk 1) were added to the model as covariates for data analysis. For all analyses, Tukey's adjustment test was used to determine significant differences between least squares means. Significance was set at P < 0.05, and tendency to significance was set at P ≤ 0.10 and P > 0.05.
RESULTS AND DISCUSSION
Feed Intake, Lactation Performance
Cows in all treatment groups behaved normally, without any clinical signs related to aflatoxin administration throughout the 7-wk experiment. We found no effect of week or week by treatment interaction on feed intake, lactation performance, plasma parameters, and rumen fermentation parameters (data not shown). The DMI and milk yield were not affected (P > 0.05) by the levels of AFB1 and Solis Mos (Table 2) . On the basis of overall means, the milk yield curves in different treatments were comparable (Figure 1 ). Four groups of cows showed similar trends in variability in milk yield during the 8 wk. Milk composition was not affected (P > 0.05) by AFB1 or Solis Mos. The mean percentages of milk fat, milk protein, and lactose were 3.64 ± 0.108 (±SEM), 2.92 ± 0.056, and 4.94 ± 0.041%, respectively, and the SCC logarithm was 4.36 ± 0.089 across all treatments (Table 2 ). In agreement with the findings from our study, the previous literature has also indicated no effects of AFB1 and adsorbent administration on the production performance of dairy cows. Xiong et al. (2015) reported the DMI, milk yield, and milk composition of late-lactation dairy cows were not affected by inclusion of Solis Mos (0.25%) in an AFB1-contaminated (0, 20, or 40 μg/kg) diet. Maki et al. (2016) and Sulzberger et al. (2017) found that the DMI and milk yield of dairy cows in early to mid lactation were not affected by diets including AFB1 doses of 79.0 and 100 μg/kg or clay at a dose of 0.5 to 1% and 0.5 to 2%, respectively. Kutz et al. (2009) also found no changes in DMI, milk yield, and milk composition after feeding mid-to late-lactation dairy cows a diet containing 112.2 μg/kg of AFB1/kg alone or in combination with 0.56% Solis, an adsorbent consisting of hydrated sodium calcium aluminosilicates. In a study by Ogunade et al. (2016) , administration of 75 μg/kg of AFB1 or with 20 g/d of a sequestering agent had no affect on DMI and milk composition in mid-lactation cows, but the AFB1 administration tended to reduce milk yield. The different observed effects of AFB1 on milk yield may be related to differences in dietary AFB1 levels and lactation period, which should be further investigated.
Milk AFM1 Excretion
The AFM1 was below the detection limit (0.01 μg/L) in milk samples from all groups before AFB1 administration, and AFM1 was below the detection limit in the milk of control cows during the entire experimental period. As shown in Table 2 , addition of Solis Mos to the AFB1-contaminated diet reduced (P < 0.01) the milk AFM1 concentration (μg/kg) and milk AFM1 excretion (μg/d) by 35.2 and 31.6%, respectively. The addition of Solis Mos in the AFB1-contaminated diet resulted in a 35.5% reduction (P < 0.01) of aflatoxin transfer from diet to milk, and the transfer rate aver- (Table 2) .
In comparison to the results of our previous study (Xiong et al., 2015) on milk AFM1 in cows fed 20 μg of AFB1/kg of TMR DM, the current experiment detected higher milk AFM1 concentrations (0.19 vs. 0.105 μg/kg) and excretion (7.38 vs. 2.25 μg/d). The disparity in lactation time (early to mid vs. late lactation) and milk yield (35.7 vs. 21.3 kg/d) may have resulted in these differences, because milk AFM1 excretion is positively affected by milk yield (Masoero et al., 2007) and probably is also affected by nutritional and physiological factors (Battacone, et al., 2009 ). The transfer rates found in this experiment were similar to the values (0.56-2.65%) observed in several previous studies (Kutz et al., 2009; Xiong et al., 2015; Sulzberger et al., 2017) . These differences in milk AFM1 transfer may have resulted from the diets and animal conditions. Masoero et al. (2007) have reported a regression equation with a positive relationship between AFM1 transfer and milk yield. Additionally, dietary AFB1 concentrations, animal health, and physiological conditions probably affect the transfer of dietary AFB1 into milk. The present experiment showed that Solis Mos was more effective in reducing milk AFM1 concentrations (35.2 vs. 16.0%), milk AFM1 excretion (31.6 vs. 18.3%) and AFM1 transfer (35.% vs. 17.9%) than suggested by the study by Xiong et al. (2015) , in which Solis Mos was included at 20 μg/kg in an AFB1-contaminated diet. Kutz et al. (2009) found that the addition of Solis to an AFB1-contaminated diet reduced milk AFM1 concentration, milk AFM1 excretion, and AFM1 transfer by 45, 44, and 44%, respectively. Sulzberger et al. (2017) reported that the addition of clay at 0.5 to 2% DM resulted in a 27.5 to 41.3% reduction in milk AFM1 concentration. The different efficacies of adsorbent in clearing milk AFM1 may be related to the dose and type of adsorbent, and the cow milk yield (Kutz et al., 2009; Queiroz et al., 2012; Sulzberger et al., 2017) .
Plasma Parameters
The effects of AFB1 and Solis Mos on plasma parameters of dairy cows are summarized in Table 3 . The inclusion of AFB1 decreased the concentration of SOD (P = 0.02), GSH-Px (P = 0.02), and TAOC (P = 0.03) and increased the MDA concentration (P = 0.03). In contrast to the results for AFB1, the inclusion of SM in the cow diet increased the content of SOD (P = 0.04) and TAOC (P = 0.03), tended to increase (P = 0.08) the GSH-Px concentration, and decreased (P = 0.04) the MDA concentration. We found no significant AF × SM interactions in the values of plasma parameters.
Previous reports indicated that AFB1 stimulates the generation of intracellular reactive oxygen species, which cause oxidative damage to macromolecules such as proteins, DNA, and lipids (Alpsoy et al., 2009 ). Alpsoy et al. (2009) and Kotan et al. (2011) found that the activity of GSH-Px and SOD decreased, but the level of MDA increased in human lymphocytes cultures administered AFB1 at doses of 5 and 10 μM. Brahmi et al. (2011) reported that AFB1 increased MDA levels and Table 2 . Least squares means of DMI, milk production, milk aflatoxin M 1 (AFM1), and transfer of aflatoxins from the diet to milk in dairy cows fed the experimental diets throughout the 9-wk experimental period induced genotoxicity in male mice. In a previous study (Xiong et al., 2015) , alleviation of oxidative stress in cows by dietary addition of Solis Mos was attributed to the increased content of vitamin E, yeast extract, and sodium montmorillonite in Solis Mos-added diets. Verma and Nair (2001) reported that vitamin E pretreatment decreased aflatoxin-induced lipid peroxidation in the testis in mice through enhanced cellular antioxidant capacity. Vitamin E restored the activity of SOD and GSH-Px to normal ranges in human lymphocytes and inhibited AFB1-induced formation of reactive oxygen species (Alpsoy et al., 2009 ). The antioxidant properties (Zhang, et al., 2005; Kogan et al., 2005) . The long-term addition of AFB1 or Solis Mos to diets did not result in statistically significant changes (P > 0.10) in the plasma values of GOT, GPT, alkaline, and total bilirubin, which have been proposed as indicators of damaged liver function (Miller et al., 1981) . The values remained in normal physiological ranges for dairy cows throughout the entire experimental period (Masoero et al., 2007; Xiong et al., 2015; Sulzberger et al., 2017) , thus suggesting that the 8-wk addition of AFB1 and Solis Mos at the present dosage had no harmful effects on liver function in the dairy cows. In accordance with the results of our study, liver function in dairy sheep has been found to be unaffected by feeding 128 μg/d of pure AFB1 or 12 g/d of dry yeast culture for 1 wk (Battacone et al., 2005; Battacone et al., 2009) . Previous experiments have shown increased plasma GPT activity in sheep ingesting 128 μg/d of AFB1 for 2 wk (Battacone et al., 2003) and a transient increase in the GOT level in lambs fed 2.5 mg/kg of an AFB1-contaminated diet for 35 d (Edrington et al., 1994) . Therefore, it was necessary to study threshold concentration and the time scale for liver toxicity symptoms in AFB1 dairy cows.
Ingestion of an AFB1-contaminated diet decreased the content of IgG (P = 0.02) and IgA (P = 0.05), and adding Solis Mos to diet increased (P = 0.02) the IgG concentration. Previous studies have also found that AFB1 induced immunosuppression in various livestock species (Meissonnier et al., 2008; Ogunade et al., 2016) . Giambrone et al. (1978) found that 2.5 μg of AFB1/g of diet decreased the concentration of serum IgG and IgM and inhibited cell-mediated immunity in chickens from hatching to 4 wk of age. Moreover, the innate immune inflammatory stress response increased in dairy cows fed an AFB1-contaminated diet (Queiroz, et al., 2012) . Beyond the lack of effects of 7 d of addition of Solis Mos in AFB1-free or contaminated diets on plasma concentration of IgG, IgM, and IgA in dairy cows in our previous study (Xiong, et al., 2015) , the long-term addition of Solis Mos improved the immune condition of dairy cows, thus suggesting that extended supplementation may confer beneficial immunological effects. Adding vitamin E as an ingredient in Solis Mos into cow diets from d 60 prepartum to d 90 postpartum has been observed to increase plasma concentration of total immunoglobulin, IgG, and IL-2 (Chandra et al., 2014) . Moreover, He et al. (2013) reported that vitamin E and selenium yeast partially ameliorated the adverse effects of AFB1-contaminated diets on growth performance, immunity, and relative immune organ weight in ducks. Mannan oligosaccharide and yeast culture, ingredients of Solis Mos, have been found to improve immunological condition in previous studies (Davis et al., 2004; Shen et al., 2009) . Furthermore, sodium montmorillonite in Solis Mos decreases the absorption of dietary AFB1 into the blood, thus ameliorating AFB1-induced immunosuppression.
Fermentation Parameters in Rumen Fluid
The AFB1 intake did not affect (P > 0.05) the pH, the NH 3 -N, MCP, VFA (acetate, propionate, and butyrate) values, or the ratio of acetate to propionate in rumen fluid (Table 4 ). The inclusion of Solis Mos in diets reduced the pH (P = 0.04) and NH 3 -N values (P = 0.01) and increased (P = 0.02) the concentration of MCP in rumen fluid. Moreover, Solis Mos intake reduced (P = 0.05) the total VFA concentration but Previous studies have reported a relationship between AFB1 and ruminal fermentation. Addition of AFB1 (0, 320, 640, or 960 μg/kg) has been found to decrease the concentration of NH 3 -N and VFA, but not to affect the acetate and butyrate concentrations in in vitro ruminal fermentation (Jiang et al., 2012) . The VFA production has been found to be decreased by AFB1 (0.2-0.8 mg/kg of BW) in acute bovine aflatoxicosis (Cook et al., 1986) . In contrast, Helferich et al. (1986) observed that AFB1 administration at 60 to 600 μg/ kg did not affect VFA production in steers. Other studies in growing lambs have also reported the absence of an effect of AFB1 (2.5 mg/kg) on the ruminal pH, concentration of acetic, propionic, and butyric acids, and total VFA concentrations (Edrington et al., 1994) . These contradictory results may have resulted from differences in animals, fermentation substrates, microbial populations, and microbial activity.
The effects of Solis Mos on ruminal fermentation parameters may be associated with its constituent ingredient yeast culture. The total VFA concentration was found to increase with the dietary addition of yeast culture at 5 g/kg of DM in a study by Mohamed et al. (2009) , or at 1 g/kg feed in an experiment reported by Lascano and Heinrichs (2009) . An in vitro ruminal fermentation experiment showed that addition of yeast culture at 1 or 2 g/L of fermentation fluid enhanced the concentration of total VFA and MCP, but decreased the NH 3 -N concentration through stimulating the number of functional rumen microbes (Mao et al., 2013) . Hristov et al. (2010) reported that the addition of yeast culture increased the utilization of NH 3 -N and MCP synthesis. Moreover, our previous experiment (Xiong et al., 2015) indicated that the addition of Solis Mos at 0.25% dietary DM to 0 or 20 μg/kg in an AFB1-contaminated diet increased the total VFA content. All these experimental results were in accordance with our present findings, probably indicating that yeast culture alters ruminal fermentation. Moreover, Xiong et al. (2015) reported that the dietary addition of Solis Mos at 0.25% dietary DM to 0 or 20 μg/kg in an AFB1-contaminated diet decreased the propionate proportion and tended to increase the acetate to propionate ratio in rumen fluid; however, Solis Mos did not affect the molar proportion of individual VFA in the rumen fluid in the current experiment. These different effects of Solis Mos may be attributable to the nutrient composition of diets used for late-or early-to mid-lactation dairy cows in 2 experiments. Yeast culture, an ingredient in Solis Mos, has been found to differentially affect VFA molar proportions and microbial population in the ruminal in vitro fermentation of different substrates (Mao et al., 2013) and to decrease rumen lactate concentrations and the acetate-to-propionate ratio in lactating cows (Dias et al., 2018) . Lascano and Heinrichs (2009) also found that the differential effects of yeast culture on the growth of rumen microbes are related to the types of substrates or diets. Although the individual components of Solis Mos may play a role in the mode of action of the total product, it is impossible from the present experiment to disclose that individual components have a specific contribution without knowing the dosage of those components.
CONCLUSIONS
The long-term ingestion of adsorbent Solis Mos did not affect DMI, lactation performance, or liver function of early-to mid-lactation dairy cows. Inclusion of Solis Mos in the diet reduced milk AFM1 concentrations and oxidative stress and improved the immunological condition and ruminal fermentation in dairy cows exposed to long-term AFB1 challenge.
